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ABSTRACT 


New  Federal  regulations  for  Effluent  Limitations,  Guidelines,  and  Standards  for 
Explosives  Manufacturing,  Point  Source  Category,  has  led  to  the  evaluation  of 
the  specified  oxygen  demand  tests  in  order  to  determine  their  applicability  to 
munition  unique  wastewaters.  In  part  one  of  this  study,  results  of  chemical 
oxygen  demand  (COD)  and  total  organic  carbon (TOC)  tests  performed  on  solutions 
of  pure  energetic  materials  are  reported  and  discussed. 

The  experimental  data  was  analyzed  statistically  to  determine  the  correlation 
between  the  COD  and  TOC  tests  when  measuring  known  solutions  of  energetic 
materials;  the  relationship  between  actual  and  theoretical  values  was  also 
determined. 

Experimental  results  show  that  response  to  the  COD  test  varies  significantly  between 
compounds  and  is  not  an  accurate  indicator  of  organic  loading  of  munition  waste- 
waters  despite  its  high  level  of  precision.  TOC  is  found  to  be  more  accurate  and 
more  sensitive. 


Unclassified 


SECURITY  CLASSIFICATION  OF  THIS  FAOErWhwi  Dim  Bntmrmd) 


9 4 


ACKNOWLEDGMENTS 

Mr.  Nathaniel  S.  Gelber,  Analytical  Chemist.  U.  S.  Armament 
Research  and  Development  Command,  Dover,  New  Jersey  provided  invaluable 
assistance  by  preparing  all  the  standard  solutions  and  performing  all  the 
chemical  oxygen  demand  tests . His  comments  on  the  details  of  the  testing 
and  his  evaluation  of  the  results  were  most  helpful . 

This  study  was  funded  under  the  Environmental  Quality  R6D  program 
administered  by  the  DARCOM  Lead  Laboratory,  Aberdeen  Proving  Ground,  MD 


| ACCESSION  (or 

NTIS 

White  Section 

DDC 

Buff  Section  □ 

UNANNOUNCED 

□ 

JUSTIFICATION 

MMIMMTIULUUn  coots 

oST  A'/All.  and/or  SPECIAL 


TABLE  OF  CONTENTS 


Page  No. 

Introduction  1 

Experimental  2 

Experimental  Design  2 

Procedure  2 

Discussion  of  Results  3 

Comparison  of  COD  and  TOC  for  Nitrotoluenes 

and  Toluene  at  High  Concentrations  3 

Comparison  of  COD  and  TOC  for  Nitrotoluenes 

and  Toluene  at  Low  Concentrations  3 

Comparison  of  COD  and  TOC  for  Nitrobenzenes 

and  Benzene  at  High  Concentration  4 

Comparison  of  COD  and  TOC  for  Nitrobenzenes 

and  Benzene  at  Low  Concentration  4 

Comparison  of  COD  and  TOC  Tests  for  Nitramines, 

Guanidine  Nitrate,  and  Urea  at  High  Concentration  4 

Comparison  of  COD  and  TOC  Tests  for  Nitramines, 

Guanidine  Nitrate,  and  Urea  at  Low  Concentration  5 

Comparison  of  COD  and  TOC  for  Nitrate  Esters,  Alcohols, 
and  Acids  at  High  Concentration  5 

Comparison  of  COD  and  TOC  for  Nitrate  Esters,  Alcohols, 
and  Acids  at  Low  Concentration  5 

Experimental  Data  5 

Conclusions  ® 

Recommendations  2 

References  7 

Distribution  List  35 


Tables 


1  Point  sources  from  manufacturing  and  loading  of  explosives  9 


2 EPA  effluent  limitations,  guidelines  and  standards  10 

3 COD  and  TOC  test  results  for  toluene  and  nitrotoluenes  11 

4 COD  and  TOC  test  results  for  benzene  and 

nitrobenzenes  16 

5 COD  and  TOC  test  results  for  urea,  nitramines, 

and  guanidine  nitrate  18 

6 COD  and  TOC  test  results  for  nitrate  esters  21 

7 COD  and  TOC  test  results  for  alcohols  and  acids  22 

8 Statistical  parameters  for  aromatic  compounds  24 

9 Statistical  parameters  for  nonaromatic  compounds  25 

10  Comparison  of  completeness  of  recovery  by 

COD  and  TOC  tests  26 


Figures 


1 Comparison  of  COD  and  TOC  for  nitrotoluenes  and 

toluene  at  high  concentration  27 

2 Comparison  of  COD  and  TOC  for  nitrotoluenes  and 

toluene  at  low  concentration  28 

3 Comparison  of  COD  and  TOC  for  nitrobenzenes  and 

benzene  at  high  concentration  29 

4 Comparison  of  COD  and  TOC  for  nitrobenzenes  and 

benzene  at  low  concentration  30 

5 Comparison  of  COD  and  TOC  tests  for  nitramines, 

guanidine  nitrate,  and  urea  at  high  concentration  31 

6 Comparison  of  COD  and  TOC  tests  for  nitramines, 

guanidine  nitrate,  and  urea  at  low  concentration  32 


m 


7 Comparison  of  COD  and  TOC  for  nitrate  esters, 

alcohols  and  acids  at  high  concentration 

8 Comparison  of  COD  and  TOC  for  nitrate  esters, 

alcohols  and  acids  at  low  concentration 


t 


INTRODUCTION 

Effluent  limitations  and  guidelines  for  existing  sources , to  be  achieved 
by  the  application  of  the  best  practicable  control  technology  currently  avail- 
able (BPCTCA) , and  the  best  available  technology  economically  achievable 
(BATEA) , were  promulgated  by  the  Environmental  Protection  Agency  (EPA) 
in  the  Federal  Register  of  9 Mr  vch  1976  for  Explosive  Manufacturing  Point 
Source  category . These  regulations  have  led  to  an  evaluation  of  the  test 
methods  for  determining  organic  loading  and  the  resulting  oxygen  demand 
of  military-unique  wastewaters.  The  interim  final  rule  for  effluent  guidelines, 
for  explosive  manufacturing  point  source  guidelines  sets  standards  in  terms 
of  the  following  parameters:  biochemical  oxygen  demand  (BOD5) , chemical 
oxygen  demand  (COD) , and  total  suspended  solids  (TSS)  . 

The  energetic  materials  found  in  wastewaters  of  different  types  of  ex- 
plosive manufacturing  are  listed  in  table  1.  In  the  first  part  of  this  study, 
known  concentrations  were  tested  for  COD  and  total  organic  carbon  (TOC) . 

The  values  obtained  were  statistically  analyzed  to  determine  which  method 
is  more  appropriate  for  monitoring  waste  streams  containing  energetic  ma- 
terials and  also  to  determine  if  any  relationship  exists  between  the  methods . 

The  discharge  standards  set  for  explosive  manufacturing  point  source 
category  are  listed  in  table  2 (ref.  1) . These  standards,  in  terms  of  kilograms 
(lb)  BOD  or  kilograms  (lb)  COD  allowed  per  1000  kg  (2200  lb)  of  product  pro- 
duced are  established  for  BPCTCA  and  for  BATEA.  When  the  proposed  dis- 
charge standards  are  projected  over  maximum  production  rates  for  nitroglycer- 
in and  trinitrotoluene  and  the  water  usage  associated  with  their  production, 
(ref.  2)  the  resulting  discharge  concentrations,  in  milligrams  per  liter  (mg/2) , 
of  COD  in  the  waste  streams  are  extremely  low  (table  2)  . These  standards 
present  a problem  of  how  to  measure  these  parameters  at  such  low  levels. 

The  COD  analysis  has  limited  accuracy  below  10  mg/ 2 of  COD  (ref. 3)  . 

In  order  to  evaluate  the  EPA  environmental  water  quality  standards  for  muni- 
tion wastewaters,  the  applicability  of  the  conventional  oxygen  demand  param- 
eters to  low  concentration  levels  of  COD  of  military-unique  compounds  was 
studied . In  this  study , consideration  was  given  to  other  tests  capable  of 
detecting  these  munition-unique  pollutants.  Thus,  the  TOC  test  is  compared 
to  the  COD  for  the  same  compounds  at  the  same  concentration . 


An  evaluation  of  this  type  will  not  only  show  the  precision  and  accuracy 
of  each  method,  but  also  will  indicate  which  is  the  most  appropriate  for  mon- 
itoring explosive  manufacturing  point  sources . 
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Experimental  Design 

Since  one  objective  of  this  study  was  to  compare  different  test  methods 
to  evaluate  the  ir  suitability  for  estimating  compliance  with  the  EPA  standards , 
a factorial  design  was  used  with  the  intention  of  applying  a variety  of  statis-  ' 
tical  analyses.  In  this  design,  the  following  factors  were  considered: 

1.  Method  (COD  and  TOC) 

2 . Concentrations  (high  and  low  levels) 

Four  replications  were  conducted  on  each  combination  of  factors.  The 
replications  were  randomized  to  eliminate  the  effect  of  time  on  the  results. 
Analyst  effect  was  eliminated  by  having  one  analyst  perform  all  the  COD  tests 
and  a second  analyst  performed  all  the  TOC  tests.  The  test  solutions  were 
prepared  as  described  in  the  procedure  paragraph  below  and  aliquots  were 
j taken  from  the  same  solution  for  all  tests . In  general , the  COD  tests  were 

completed  before  beginning  the  TOC  tests . 

Prior  to  conducting  the  analysis  of  variance  of  the  data,  the  variances 
were  checked  for  homogeneity  by  the  Bartlett  test  (ref.  5)  . The  result  showed 
that  the  variances  were  not  homogeneous:  therefore,  the  analysis  of  variance, 
which  is  based  on  the  assumption  of  homogeneity,  was  not  performed.  The 
statistical  tests  that  were  performed  are  discussed  later  in  this  report. 

Procedure 


Standard  solutions  that  are  typically  found  in  the  wastewaters  of  army 
ammunition  plants  were  prepared.  Isomers  of  the  compounds  were  also  in- 
cluded in  the  experiment  in  order  to  examine  the  effect  of  the  structure  of  a 
compound  on  the  test  response.  Each  standard  solution  was  prepared  by  dis- 
solving weighed  amounts  (to  the  nearest  0.1  mg)  of  the  compounds  in  distilled 
water . The  mixture  was  stirred  with  a magnetic  stirrer  until  solution  was 
complete . Several  compounds  required  more  than  two  days  of  constant  stir- 
ring to  effect  solution. 

The  solutions  were  cooled  to  ambient  temperature  before  diluting  to  the 
mark  with  water.  Aliquots  were  transferred  from  the  high  concentration  level 
solutions  and  diluted  appropriately  to  prepare  the  low  concentration  level 
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The  chemical  oxygen  demand  analyses  were  performed  according  to 
the  standard  method  (ref.  6) . The  total  organic  carbon  analyses  were  also 
performed  according  to  the  standard  method  (ref.  7)  using  a Beckman  915-A 
Total  Organic  Carbon  Analyzer,  a Hamilton  spring-loaded  syringe,  and  a 
sample  size  of  20  micro-liters. 

Theoretical  COD  values  were  used  as  a basis  for  calculating  the  per- 
centage of  recovery  for  the  different  compounds.  The  theoretical  COD  values 
were  calculated  on  the  assumption  of  complete  oxidation  of  all  elements  in  the 
energetic  materials  as  follows: 

2H  O—  HjO 

C C02 

2N  — Nj05 

Theoretical  TOC  values  were  used  as  the  basis  for  calculating  the  per- 
cent of  recovery . The  percentage  values  were  calculated  on  the  assumption 
of  complete  combustion  of  the  carbon  in  the  compound  to  carbon  dioxide. 

DISCUSSION  OF  RESULTS 

Comparison  of  COD  and  TOC  for  Nitrotoluenes 
and  Toluene  at  High  Concentrations 

As  shown  in  figure  1 , at  the  high  concentration  level  the  TOC  concen- 
tration shows  a recovery  of  approximately  one  hundred  percent.  Toluene 
yielded  low  results,  probably  because  of  evaporation  during  the  sample  pre- 
paration (ref.  8)  . 

The  COD  test  at  the  high  concentration  level  displayed  results  that 
varied  with  each  compound.  Low  results  were  displayed  by  m-nitrotoluene; 

2,  3 dinitrotoluene;  3,  4 dinitrotoluene;  and  toluene.  Note  that  the  nitrotoluenes 
yielding  low  results  all  had  a nitro  group  in  the  meta  position.  All  the  other 
results  were  ± 5%  from  100%  recovery. 

Comparison  of  COD  and  TOC  for  Nitrotoluenes 
and  Toluene  at  Low  Concentrations 

At  low  concentrations  (fig . 2)  , the  mononitrotoluenes  all  yielded  re- 
coveries that  range  from  95%  - 105%  in  both  TOC  and  COD . These  results  in- 
dicate that  the  mononitrotoluenes  can  be  analyzed  with  good  recovery  by  either 
test  method.  However,  the  more  highly  nitrated  toluenes  were  significantly 
lower  by  the  COD  test  than  by  the  TOC . 


An  analysis  of  a solution  containing  6.41  ppm  TNT  (equivalent  to 
2.22  mg/L  TOC)  is  likely  to  produce  erratic  results  since  the  detec- 
tion limit,  under  ordinary  procedures,  is  limited  to  1 mg/L  (ppm)  of  TOC 
(ref.  9)  . 

Comparison  of  COD  and  TOC  for  Nitrobenzenes 
and  Benzene  at  High  Concentration 

At  the  high  level  (fig.  3) , TOC  and  COD  deviate  significantly  from  full 
recovery  for  most  of  the  compounds  tested . The  COD  results  of  this  group  are 
consistently  low,  with  the  dinitrobenzenes  registering  very  minimal  COD  values. 
Nitrobenzene  and  benzene  also  yielded  low  results . This  could  be  the  result 
of  the  refractoriness  of  aromatics  which  typically  are  not  oxidized  appreciably 
in  COD  analysis. 

Comparison  of  COD  and  TOC  for  Nitrobenzenes 
and  Benzene  at  Low  Concentration 

At  the  low  level  concentration  (fig . 4) , good  recoveries  for  TOC  are 
exhibited  by  the  nitrobenzenes.  Benzene  again  yielded  a low  result,  probably 
due  to  losses  from  volatilization  of  the  compound. 

The  COD  results  follow  the  same  pattern  as  at  the  high  level,  except 
that  the  nitrobenzene  recovery  is  now  complete.  This  indicates  that  either 
the  concentration  of  dichromate  or  the  digestion  time  at  the  high  level  is  in- 
adequate. 

Comparison  of  COD  and  TOC  Tests  for  Nitramines,  Guanidine 
Nitrate,  and  Urea  at  High  Concentration 

All  the  compounds  tested  by  the  TOC  method  yielded  low  results  except 
for  tetryl  and  guanidine  nitrate  (fig . 5)  . The  COD  test  also  displayed  con- 
sistently low  results  for  this  group  of  compounds.  Nitroguanidine,  guanidine 
nitrate,  and  urea  did  not  respond  at  all  to  the  COD.  Although  it  has  been 
recognized  that  certain  aromatics  give  low  results  in  the  COD  test,  this  appears 
to  be  the  first  time  it  has  been  found  that  the  urea  structure  resists  dichromate 
oxidation . 

Tetryl  and  RDX  displayed  low  COD  results  which  indicates  that  nitra- 
mines also  respond  incompletely  to  the  COD  test.  Tetryl  is  higher  than  the 
rest,  probably  because  it  contains  three  nitro  groups  in  addition  to  a nitramine. 


Comparison  of  COD  and  TOC  Tests  for  Nitramines,  Guanidine 
Nitrate,  and  Urea  at  Low  Concentration 

TOC  recoveries  were  satisfactory  for  HMX  and  RDX , but  high  results 
were  obtained  on  nitroguanidine  and  guanidine  nitrate , and  low  results  were 
obtained  on  tetryl  and  urea  (fig . 6) . The  COD  results  followed  the  same 
pattern  found  at  the  high  concentration  level , indicating  that  the  effect  of 
structure  is  independent  of  concentration  for  this  group  of  compounds . 

Comparison  of  COD  and  TOC  for  Nitrate  Esters,  Alcohols, 
and  Acids  at  High  Concentration 

Both  TOC  and  COD  (fig.  7}  appear  to  be  very  appropriate  for  moni- 
toring these  compounds . Glycerin , pentaerythritol , and  acetic  acid  are  more 
typical  of  the  type  of  compounds  found  in  industrial  rather  than  explosives 
wastewaters  and  are  at  least  part  of  the  basis  for  assuming  that  COD  is  a 
representative  measure  of  organic  loading  in  a stream.  However,  the  data 
from  explosives  and  urea  type  compounds  indicates  that  the  COD  test  has 
still-to-be-defined  limitations. 

Comparison  of  COD  and  TOC  for  Nitrate  Esters,  Alcohols, 
and  Acids  at  Low  Concentration 

TOC  results  (fig.  8)  are  erratic,  probably  because  the  measurements 
were  made  at  the  lower  level  of  sensitivity  of  the  TOC  analyzer.  COD  results, 
with  the  exception  of  acetic  acid , yielded  good  recoveries  with  these  more 
conventional  materials.  Acetic  acid  yielded  a low  recovery,  probably  be- 
cause of  losses  due  to  volatilization  during  the  dichromate  oxidation. 

Experimental  Data 

The  experimental  data  is  reported  in  tables  3 through  7 . The  tables 
include  the  standard  deviations  and  the  percent  recoveries  of  COD  and  TOC 
test  results.  In  order  to  complete  the  study  it  was  necessary  to  determine 
the  correlation  between  the  test  methods  to  see  if  the  methods  could  be  inter- 
changed. Correlation  coefficients  were  calculated  using  the  recovery  values 
obtained  from  the  COD  and  TOC  test  methods  of  the  combined  high  and  low 
levels  of  concentration  for  individual  compounds.  Significant  correlations 
at  the  95%  confidence  level  were  obtained  by  several  compounds  in  each  table, 
but  no  overall  correlation  was  found.  Results  from  the  statistical  analyses 
are  in  tables  8 and  9. 
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Generally , in  both  the  aromatic  and  nonaromatic  groups , variances 
were  always  higher  on  results  from  total  organic  carbon  analyses  as  opposed 
to  chemical  oxygen  demand  analyses.  The  larger  variances  might  be  an  in- 
dication of  the  greater  sensitivity  of  the  TOC  test  method  and  the  need  for 
replication  in  order  to  obtain  a reliable  estimate  of  the  true  value . 

As  a fir.al  test  of  the  overall  completeness  of  recovery  of  the  COD  and 
TOC  test  methods,  t-tests  were  performed  to  compare  the  data  from  each  test 
with  the  theoretical  recovery  value  of  one  hundred  percent.  The  statistical 
evaluation  (see  table  10)  showed  that  there  was  a significant  difference  from 
100%  recovery  at  the  90%  level  of  confidence  with  23  degrees  of  freedom  for 
the  COD  analyses  at  both  high  and  low  concentration  levels . With  the  TOC 
analyses,  however,  there  is  no  significant  difference  from  100% recovery  at 
either  concentration  level . This  indicates  that  the  TOC  test  is  more  accurate 
and  appears  to  be  a more  appropriate  measure  of  the  organic  loading  of  a 
wastewater . 

CONCLUSIONS 

1 . The  results  obtained  by  the  COD  test  do  not  give  complete  recovery 
with  many  compounds.  Although  this  fact  is  recognized  for  aromatic  com- 
pounds and  is  confirmed  in  this  study , the  study  also  revealed  that  compounds 
with  urea  structure,  nitramine  groups  and  certain  nitro  groups  yield  low  re- 
sults . However , the  precision  of  the  COD  method  surpasses  that  of  the  TOC . 

2 . The  results  obtained  by  the  TOC  test  do  give  complete  recovery  as  in- 
dicated by  the  t-test.  The  principle  of  the  TOC  test  makes  it  independent  of 
the  structure  of  a compound.  However,  the  precision  of  the  TOC  test,  par- 
ticularly at  low  concentrations , would  require  numerous  replications  to  ob- 
tain a reliable  estimate  of  the  true  mean  of  a sample . 

3.  From  the  point  of  view  of  enforcement  of  standards,  the  COD  test  appears 
inappropriate  for  the  explosives  industry.  The  TOC  test  would  be  more  mean- 
ingful from  the  point  of  view  of  accuracy , but  further  study  of  this  test  is 
needed  to  improve  its  precision . 

4 . Although  it  has  been  shown  that  TOC  and  COD  tests  are  correlated  for 
many  industrial  wastes  (ref.  10)  , their  correlation  is  not  a general  rule  be- 
cause of  the  widely  different  principles  upon  which  the  tests  are  based.  The 
data  presented  in  this  study  indicates  that  correlations  occur  by  chance  rather 
than  by  a unifying  principle . Thus , the  existing  standard  based  on  the  COD 
test  for  the  explosive  industry,  cannot  be  converted  to  an  equivalent  standard 
based  on  the  TOC  test . 
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RECOMMENDATIONS 


1 . Further  study  should  be  made  of  the  COD  test  to  determine  the  effect 
of  molecular  structure  on  oxidizability.  The  efficiency  of  other  oxidants, 
as  compared  to  dichromate , should  also  be  studied . 

2 . Consideration  should  be  given  to  replacing  the  COD  test  with  TOC  in 
the  EPA  Limitations , Guidelines  and  Standards  for  the  Explosives  Industry . 

3.  Further  study  of  the  general  indicators  of  organic  loading  in  wastewaters 
and  receiving  waters  is  needed.  For  the  explosives  industry,  a combination 

of  TOC  and  total  organic  nitrogen  should  be  considered  to  obtain  a more  per- 
tinent measure  of  water  quality. 

4 . Actual  samples  of  wastewaters  from  explosive  plants  should  be  tested 
to  confirm  results  obtained  from  the  theoretical  studies. 
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Table  3.  COD  and  TOC  test  results  for  toluene  and  nltrotoluenes 
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Table  5.  COD  and  TOC  test  results  for  urea,  nitramines,  and  guanidine  nitrate 
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Table  5.  (Continued) 


Table  7.  COD  and  TOC  test  results  for  alcohols  and  acids 
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Table  8.  Statistical  parameters  for  aromatic  compounds 
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Values  significant  at  95$  confidence  level 


Table  10.  Comparison  of  completeness  of  recovery  by  COD  and  TOC  tests 
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Figure  4.  Comparison  of  COD  and  TOC  for  nitrobenzenes  and  benzene  at  low  concentration 


Figure  5.  Comparison  of  COD  and  TOC  tests  for  nitramines, 
guanidine  nitrate,  and  urea  at  high  concentration 
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Comparison  of  COD  and  TOC  for  nitrate  esters 
alcohols  and  acids  at  high  concentration 
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Figure  8.  Comparison  of  COD  and  TOC  for  nitrate  esters, 
alcohols  and  acids  at  low  concentration 
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and  Readiness  Command 
ATTN:  DRCPM-PBM-EC 

DRCPM-PBM-T-EV 
Dover,  NJ  07801 


Department  of  the  Army 
Office,  Chief  of  Research,  Development 
and  Acquisition 
ATTN:  DAMA-CSM-P 
Washington,  DC  20310 

Commander 

US  Army  Procurement  Equipment  Agency 
ATTN:  DRX-PE-MT 
Rock  Island,  IL  612S9 

Department  of  the  Army 
ATTN:  DAEN-ZCE 
Washington,  DC  20310 

Commander 

Chemical  System  Laboratory 
ARRADCOM 

ATTN:  DRDAR-CLM-T 

Aberdeen  Proving  Ground,  MD  21010 


Defense  Contract  Administration  Services  (2) 
1610  S.  Federal  Building 
100  Liberty  Avenue 
Pittsburgh,  PA  15222 


Defense  Documentation  Center  (12) 
Cameron  Station 
Alexandria,  VA  22314 


Commander 

US  Army  Construction  Engineering 
Research  Laboratory 
ATTN:  CERL-ER 
Champaign,  IL  61820 

Office,  Chief  of  Engineers 
ATTN:  DAEN-MCZ-E 
Washington,  DC  20314 

US  Army  Engineer  District,  New  York 
ATTN:  Construction  District 
26  Federal  Plaza 
New  York,  NY  10007 

US  Army  Engineer  District,  Baltimore 
ATTN:  Construction  Division 
P.O.  Box  1715 
Baltimore,  MD  21203 

US  Army  Engineer  District,  Norfolk 
ATTN:  Construction  Division 
803  Front  Street 
Norfolk,  VA  23510 

US  Army  Engineer  District,  Mobile 
ATTN:  Construction  Division 
P.O.  Box  2288 
Mobile,  AL  36628 

US  Army  Engineer  District,  Fort  Worth 
ATTN:  Construction  Division 
P.O.  Box  17300 
Fort  Worth.  TX  76102 

US  Army  Engineer  District,  Omaha 
ATTN:  Construction  Division 
6014  USPO  and  Courthouse 
215  North  17th  Street 
Omaha,  NE  68102 

US  Army  Engineer  District,  Kansas  City 
ATTN:  Construction  Division  (2) 

700  Federal  Building 
Kansas  City,  MO  64106 


US  Army  Engineer  District,  Sacramento 
ATTN:  Construction  Division 
650  Capitol  Mall 
Sacramento,  CA  95814 

US  Army  Engineer  District,  Huntsville 
ATTN:  Construction  Division 
P.O.  Box  1600  West  Station 
Huntsville,  AL  35807 

Commander 

US  Army  Environmental  Hygiene  Agency 
ATTN:  HSE-E  (2) 

Aberdeen  Proving  Ground,  MD  21010 
Commander 

Badger  Army  Ammunition  Plant 
ATTN:  SARBA-CE 
Baraboo,  WI  53913 

Commander 

Cornhusker  Army  Ammunition  Plant 
ATTN:  SARCO-E 
Grand  Island,  NB  68801 

Commander 

Holston  Army  Ammunition  Plant 
ATTN:  SARHO-E 
Kingsport,  TN  37662 

Commander 

Indiana  Army  Ammunition  Plant 
ATTN:  SARIN-OR 
Charlestown,  IN  47111 

Commander 

Naval  Weapons  Support  Center 
ATTN:  Code  5042,  Mr.  C.  W.  Gilliam 
Crane,  IN  47522 

Commander 

Iowa  Army  Ammunition  Plant 
ATTN:  SARIO-A 
Middletown,  IA  52638 
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Commander 

Joliet  Army  Ammunition  Plant 
ATTN:  SARJO-SS-E 
Joliet.  IL  60436 

Commander 

Kansas  Army  Ammunition  Plant 
ATTN:  SARKA-CE 
Parsons,  KS  67537 

Commander 

Lone  Star  Army  Ammunition  Plant 
ATTN:  SARLS-IE 
Texarkana,  TX  57701 

Commander 

Longhorn  Army  Ammunition  Plant 
ATTN:  SARLO-O 
Marshall,  TX  75670 

Commander 

Louisiana  Army  Ammunition  Plant 
ATTN:  SARLA-S 
Shreveport,  LA  71102 

Commander 

Milan  Army  Ammunition  Plant 
ATTN:  SARMI-S 
Milan.  TN  38358 

Commander 

Newport  Army  Ammunition  Plant 
ATTN:  SARNE-S 
Newport,  IN  47966 

Commander 
Pine  Bluff  Arsenal 
ATTN:  SARPB-ETA 
Pine  Bluff,  AR  71601 

Commander 

Radford  Army  Ammunition  Plant 
ATTN:  3ARRA-IE 
Radford.  VA  24141 
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Commander 

Ravenna  Army  Ammunition  Plant 
Ravenna,  OH  44266 

Commander 

Sunflower  Army  Ammunition  Plant 
ATTN:  SARSU-O 
Lawrence,  KS  66044 

Commander 

Volunteer  Army  Ammunition  Plant 
ATTN:  SARVO-T 
Chattanooga,  TN  34701 

Army  Logistics  Management  Center 
Environmental  Management 
ATTN:  Mr.  Otto  Nauman  (2) 

Fort  Lee,  VA  23801 

Project  Manager  for  Chemical  Demilitarization 
and  Installation  Restoration 
ATTN:  DRCPM-DRR,  Mr.  Harry  Sholk 
Aberdeen  Proving  Ground,  MD  21010 

Department  of  the  Army 
ATTN:  DAEN-FEU 
Washington,  DC  20314 

Dr.  John  A.  Brown,  Chairman 
P.O.  Box  145 

Berkeley  Heights , NJ  07922 

Dr.  Helmut  Wolf,  Consultant 
120  Skyline  Drive 
Fayettesville,  AR  72701 

Dr . Fred  Smetana , Consultant 
5452  Parkwood  Drive 
Raleight,  NC  27612 


Dr.  Zachary  Shetman,  Consultant 
109  N.  Broadway 
White  Plains.  NY  10603 
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Commander 

US  Army  Armament  Materiel  and 
Readiness  Command 
ATTN:  DRSAR-LEP-L 
Rock  Island , IL  61299 

Director 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL  (Tech  Lib) 

White  Sands  Missile  Range,  NM  88002 

Weapon  System  Concept  Team/CSL 

ATTN:  DRDAR-ACW 

Aberdeen  Proving  Ground,  MD  21010 

Technical  Library 

ATTN:  DRDAR-CLJ-L 

Aberdeen  Proving  Ground,  MD  21010 

Technical  Library 

ATTN:  DRDAR-TSB-S 

Aberdeen  Proving  Ground,  MD  21005 

Technical  Library 
ATTN:  DRDAR-LCB-TL 
Benet  Weapons  Laboratory 
Watervliet,  NY  12189 
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